We report the synthesis, crystal structure and characterization by means of single crystal x-ray diffraction, neutron powder diffraction, magnetic, thermal and transport measurements of the new heavy fermion compounds Ce 2 MAl 7 Ge 4 (M = Co, Ir, Ni, Pd). These compounds crystallize in a noncentrosymmetic tetragonal space group P42 1 m, consisting of layers of square nets of Ce atoms separated by Ge-Al and M-Al-Ge blocks. Ce 2 CoAl 7 Ge 4 , Ce 2 IrAl 7 Ge 4 and Ce 2 NiAl 7 Ge 4 order magnetically behavior below T M = 1.8, 1.6, and 0.8 K, respectively. There is no evidence of magnetic ordering in Ce 2 PdAl 7 Ge 4 down to 0.4 K. The small amount of entropy released in the magnetic state of Ce 2 MAl 7 Ge 4 (M = Co, Ir, Ni) and the reduced specific heat jump at T M suggest a strong Kondo interaction in these materials. Ce 2 PdAl 7 Ge 4 shows non-Fermi liquid behavior, possibly due to the presence of a nearby quantum critical point.
I. INTRODUCTION
In heavy fermion materials, hybridization between f-electron and conduction electron states gives rise to a large specific heat coefficient C/T = γ, often 100-1000 times that of ordinary metals (e.g., Cu).
1,2 The ground state is determined by a balance of competing Kondo and RKKY interactions, which are both described by an exchange interaction |J | that characterizes the hybridization strength between f-electron/conduction-electron states, as proposed by Doniach. 3 When |J | is small, the RKKY interaction dominates, and the system orders magnetically, but for large |J |, the material behaves as a heavy Fermi liquid: γ ∼ const., magnetic susceptibility χ ∼ const. and electrical resistivity ρ ∼ T 2 . When the RKKY and Kondo interactions become comparable, the magnetic phase transition is suppressed to zero temperature at a quantum critical point (QCP). [4] [5] [6] Here, quantum fluctuations give rise to non-Fermi liquid (NFL) behavior in the physical properties, e.g., C/T ∼ −ln(T ) or ∼ T −n , χ ∼ ln(T ) or ∼ T −n , and ρ ∼ T n (n < 2), depending on the nature of the fluctuations.
A dome of unconventional superconductivity often occurs in the vicinity of the quantum critical point, where the quantum fluctuations are strongest and presumably mediate the superconductivity. 4, 7 To explore the interplay of superconductivity and magnetism near a QCP, attention has focused on several families of tetragonal Ce-based compounds. For example, superconductivity is observed near an antiferromagnetic quantum critical point in CeM 2 X 2 (M = transition metal; X=Si, Ge), 8 the Ce m M n In 3m+2n family, 9 (M = transition metal, m and n are the number of the CeIn 3 and MIn 2 building blocks, respectively), and non-centrosymmetric CePt 3 Si and CeMX 3 (M= transition metal; X=Si, Ge) compounds.
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The local crystal-chemical environment influences the magnetic behavior of heavy fermion materials. 11 When a rare earth ion, like Ce, is placed within a particular crystal-chemical environment, the interactions with the surrounding ligands (e.g., crystalline electric field (CEF), hybridization) modify the free-ion 4f electron wavefunction and its electronic and magnetic properties. Conventional density functional theory (DFT) calculations, unfortunately, are unable to capture sufficiently the complexity of these interactions with the detail that is needed to predict the outcome of these interactions. 12, 13 To our knowledge, theory has not anticipated any material to exhibit heavy fermion properties. Instead, progress in understanding the interplay between crystal structure and chemistry and in the discovery of interesting new heavy fermion states has come from an iterative process of materials 3 discovery, characterization and theory/modeling. The materials mentioned above are good examples of this paradigm and have been particularly instructive because they each comprise a family in which interactions can be tuned systematically by the crystal-chemical environment of the Ce's 4f electron. Only after these materials were discovered did experimental and theoretical study show how interesting they were. A crystal-chemical lesson from them is that a fruitful direction to look for similarly interesting behaviors is to explore for new
Ce-containing materials with symmetry lower than cubic and containing a transition metal as well as an element from IIIB or IVB columns in the periodic 
There is no detectable superconductivity in the Ce 2 MAl 7 Ge 4 materials above 0.4 K. The crystal structure of the Ce 2 MAl 7 Ge 4 compounds was determined by single crystal xray diffraction at room temperature. Large single crystals were isolated and broken into small fragments, which were then mounted on Mitogen loops with Immersion oil, and optically aligned on a Bruker D8 Quest X-ray diffractometer using a digital camera. Initial intensity measurements were performed using an IµS X-ray source (MoK α , λ = 0.71073Å) with highbrilliance and high-performance focusing multilayered optics. Standard APEXII software was used for determination of the unit cells and data collection control. The intensities of reflections of a sphere were collected by a combination of multiple sets of exposures (frames).
II. EXPERIMENTAL DETAILS
Each set had a different ϕ angle for the crystal and each exposure covered a range of 0.5
• in ω. A total of 1464 frames were collected with an exposure time per frame of 5 to 10 seconds, depending on the sample. SAINT software was used for data integration including Lorentz and polarization corrections. The large size of the crystals necessitated breaking the crystals and using small fragments as described above, which precludes a face-indexed numerical absorption correction. 
not equal, an n-glide. Furthermore, the refinement in P4/nmm is considerably poorer than in P42 1 m and also induces Al/Ge disorder that, upon refinement, leads to a formula inconsistent with the microprobe analysis described below. In addition, the thermal displacement parameters are unreasonable and in some cases nearly non-positive definite in P4/nmm. All indications are that P42 1 m is the correct space group. Crystallographic Information Files (CIFs) are available from the Inorganic Crystal Structure Database (ICSD).
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The crystallographic data are presented in Table I and the fractional atomic coordinates and equivalent displacement parameters for Ce 2 CoAl 7 Ge 4 are given in Table II (the atomic 
coordinates of the M=Ni, Pd, and Ir compounds are listed in the Appendix in Tables VII-IX Table   III . In each sample, a few small peaks were not successfully indexed (as marked by asterisks in the Fig. 1e ) and are attributed to a small amount of an unknown impurity phase. Bragg R-factor 4. 
-40 † A modified Curie-Weiss law of the form χ = χ 0 + C/(T − θ CW ) was used to determine these values. (Fig. 4) is 0.55, 1.2, and 0.9 µ B , respectively. These values are much smaller than the free Ce 3+ ion moment, given by g J J = 2.14 µ B . A reduction of the ordered moment in rare earth systems may be due to crystal field effects and/or Kondo screening. Ce 2 PdAl 7 Ge 4 does not show any sign of magnetic ordering down to the lowest temperature measured (0.46 K).
C. Specific Heat
The specific heat, plotted as C/T , for the Ce 2 MAl 7 Ge 4 compounds is shown in Figs. 
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The respective phonon specific heat coefficient β is 0.53, 0.51 and 0.40 (mJ/mol-f.u.-K 4 ). Because C 4f /T increases over a broad temperature range as the magnetic transition is approached in the paramagnetic state, it is not possible to estimate accurately the electronic contribution to the specific heat (γ). Crudely, however, γ ∼ Rln2/T K , which implies that these are heavy fermion systems with a Kondo temperature T K ∼ 5 K. Figure 6 shows the electrical resistivity of the Ce and Ce 2 PdAl 7 Ge 4 , a broad "knee" appears in ρ(T ) around 100-150 K. Below 100 K, ρ(T ) of Ce 2 PdAl 7 Ge 4 passes through a distinct minimum at 45 K and a peak at 7 K, below which it drops sharply. Ce 2 CoAl 7 Ge 4 also shows a shallow minimum at 30 K and a peak at 10 is observed in Ce 2 PdAl 7 Ge 4 as expected from the susceptibility and heat capacity data. Fig. 7 as a function of external magnetic field for the Ce 2 MAl 7 Ge 4 compounds measured with both the magnetic field and current applied in the ab-plane in a transverse geometry. The MR of Ce 2 CoAl 7 Ge 4 at T=0.6 K first increases with increasing magnetic field and shows a small jump at 2 kOe, goes through a maximum at 8.5 kOe and then decreases with increasing H.
D. Electrical Resistivity

The magnetoresistance (MR) defined as [(ρ
It becomes negative at 28 kOe and saturates above 60 kOe. These features observed in MR correspond to features observed in M vs. H measurements (Fig. 4) (Fig. 4) . At high fields, the MR is negative and saturates at -5% at 90 kOe. In Ce 2 NiAl 7 Ge 4 , the magnetoresistance at 0.45 K decreases monotonically with increasing field up to 90 kOe where it reaches a very large negative value of 43 %. This behavior suggests that there are significant magnetic fluctuations in Ce 2 NiAl 7 Ge 4 at 0.45 K that are suppressed with a magnetic field, resulting in a large negative magnetoresistance.
In contrast, the MR of Ce 2 PdAl 7 Ge 4 measured at 0.4 K increases with increasing H up to 70 kOe, then decreases slightly to 12.3% at 90 kOe. To better understand the interesting properties of Ce 2 PdAl 7 Ge 4 as well as to shed light on its crystal field scheme, we have analyzed the data presented in Fig. 8 using model including interactions between nearest-neighbors as well as the orthorhombic CEF hamiltonian: 
where J AF M > 0 represents an AFM interaction between nearest neighbor local spins j i , agreement between the fits and the experimental χ(T) data (Fig. 8b) . The M (H) data at 2.5 K, however, cannot be exactly reproduced, as shown in Fig. 8c , although the anisotropy and the shape of the magnetization fits are reasonable. The observed discrepancy likely arises from the fact that the model is an approximation that takes into account only single ion CEF effects and mean field interactions, which mimic RKKY interactions, and does not include any additional effects from the Kondo interactions and/or quantum fluctuations.
Thus, although there is good agreement at high temperatures, the CEF model should not be expected to account for the low temperature properties of Ce 2 PdAl 7 Ge 4 discussed below.
The extracted parameters resulted in the CEF level scheme shown in Fig. 8a Energy levels and wave functions (Fig.   9a ). Upon application of an in-plane magnetic field of 10 kOe, the logarithmic behavior deviates below 0.8 K (inset of Fig. 9a ). In addition, the resistivity is linear in temperature ρ ∼ T between 0.4 K and 1.8 K (Fig. 9b) . In magnetic field, the low temperature resistivity deviates from T -linear behavior. At 10 kOe, fits of ρ(T ) = ρ 0 + AT n to the data between (1) Ge (1) Pd ( 
